SCREEN-PRINTING PLATE, MANUFACTURING METHOD OF 
LAMINATED-CERAMIC ELECTRONIC DEVICES, AND LAMINATED- 
CERAMIC ELECTRONIC DEVICE MANUFACTURED BY THE METHOD 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

[0001] The present invention relates to screen-printing plates, a method for 
manufacturing laminated-ceramic electronic devices in a process of laminating 
ceramic green sheets provided with electrode patterns formed by using the screen- 
printing plate, and a laminated-ceramic electronic device manufactured by the 
method. 

2. Description of the Related Art 

[0002] Generally, laminated-ceramic electronic devices are manufactured in 
processes of laminating and contact-bonding a predetermined number of ceramic 
green sheets provided with a plurality of internal electrode patterns formed by 
printing or applying electrode paste, cutting the laminated ceramic sheets into 
individual elements, and firing the elements. 

[0003] In accordance with recent advances in miniaturization of electronic 
apparatuses, the laminated-ceramic electronic devices have been reduced in size 
and been improved in performance. In particular, a laminated-ceramic capacitor 
has a trend toward a larger number of laminations, in which the lamination of 
internal electrodes and dielectrics is increased to achieve miniaturization and larger 
capacity. 

[0004] However, when intending to increase the number of laminations of the 
internal electrodes and the dielectrics and when a predetermined number of 
ceramic green sheets provided with the internal electrode patterns are contact- 
bonded to each other, a problem has been found in that regions in which the 



internal electrode patterns are provided and the regions in which the internal 
electrode patterns are not provided differ in level, or height, from each other, 
whereby defects of the internal structure, such as delamination, are likely to be 
produced. 

[0005] The above difference in level is produced by laminating the ceramic 
green sheets provided with the internal electrode patterns. However, the 
difference in level is not caused only by providing the internal electrode patterns, 
and is sometimes produced also by variations in the coating thickness between each 
internal electrode pattern. 

[0006] Therefore, it is also an important task to reduce the variations in the 
coating thickness between the internal electrode patterns in order to reduce the 
difference in level and to increase the number of laminations. 
[0007] Hitherto, a screen-printing method has been used for printing electrode 
paste on a ceramic green sheet. As shown in Figs. 7 and 8, in the screen-printing 
method, a screen-printing plate 5 1 provided with a plurality of mesh holes 62 so as 
to form a plurality of printing patterns 61 is disposed on a ceramic green sheet 52, 
electrode paste 53 is supplied onto the screen-printing plate 51, and a squeegee 54 
is moved in a predetermined direction, for example, in a direction of an arrow Y 
in Fig. 7 while the squeegee 54 is pressed onto the screen-printing plate 51, 
whereby the electrode paste 53 passes through the mesh holes 62 forming the 
printing patterns 61 of the screen-printing plate 51, the electrode paste 53 is 
printed on the ceramic green sheet 52, and predetermined electrode patterns 55 are 
formed. 

[0008] However, in the above screen-printing method, tension is not applied 
evenly to the overall screen-printing plate 51 when the squeegee 54 is moved while 
being pressed. Effective pressure applied to the printing patterns 61 in a region Rl 
disposed in the vicinity of the periphery and close to a frame 56 tends to become 
greater than the effective pressure applied to the printing patterns 61 in a central 



region R2 which is disposed separated from the frame 56, as shown in Fig. 8. 
Therefore, the screen-printing plate 51 tends to expand more in the region Rl 
close to the periphery than in the central region R2. As a result, the coating of the 
electrode pattern 55 becomes thinner in the region Rl close to the periphery than 
in the central region R2, and there occurs a problem in that variations in the 
coating thickness of a plurality of the electrode patterns 55 printed by using one 
screen-printing plate 51 are produced. The problem is that the variations in the 
coating thickness have an unfavorable effect regarding the production of difference 
in level of the ceramic green sheets after laminated and contact-bonded. 
[0009] A related technology is known, which is a method in which the sizes of 
mesh holes in a single printing pattern, which is formed by providing the mesh 
holes in a screen-printing plate, are made different from each other (refer to, for 
example, Japanese Unexamined Patent Application Publication No. 6-349663). 
However, the fact is that any effective method has not been developed particularly 
for avoiding variations in the coating thickness between a plurality of the electrode 
patterns 55, as described above, which are printed by using the screen printing 
plate 51 provided with a plurality of printing patterns in a plate frame of the screen 
printing plate 51. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, it is an object of the present invention to provide a screen- 
printing plate which prints a plurality of electrode patterns in which variations in 
the coating thickness between the plurality of electrode patterns can be avoided, 
and to provide a laminated-ceramic elecfronic device manufactored by using the 
screen-printing plate, in which defects of the internal structure are reduced. 
[0011] To these ends, according to an aspect of the present invention, a screen- 
printing plate comprises a screen plate provided with a plurality of printing 
patterns disposed in a single plate frame of the screen plate, each printing pattern 



being formed with a plurality of mesh holes. At least two different aperture ratios 
of the mesh holes forming the printing patterns are provided according to the 
positions of regions in which the printing patterns are formed. 
[0012] With this arrangement in which at least two different aperture ratios of 
the mesh holes forming the plurality of printing patterns are provided according to 
the positions of regions in which the printing patterns are disposed, variations in 
the coating thickness between electrode patterns printed by using the screen- 
printing plate can be suppressed. 

[0013] For example, when a squeegee presses given region of a screen printing 
plate such as a region in the vicinity of the periphery (peripheral region) of the 
screen-printing plate and expands that given region more than another region such 
as a central region by a squeegee pressed to the screen-printing plate, and the 
coating thickness of the electrode patterns becomes smaller, or thinner, in the 
given region (in the peripheral region) than in the other region (the central region) 
when the proportion of aperture area (the aperture ratio) of the mesh holes to a unit 
area is the same, the aperture ratio of the mesh holes is set so as to be increased in 
the peripheral region and is set so as to be decreased in the central region, that is, 
the aperture ratio varies according to the regions provided with the printing 
patterns, whereby variations in the coating thickness between the electrode patterns 
can be suppressed or avoided. 

[0014] In the screen-printing plate according to the present invention, the 
aperture ratio of the mesh holes forming the printing patterns disposed in the 
vicinity of the periphery of the plate frame may be set higher than the aperture 
ratio of the mesh holes forming the printing patterns disposed toward the inner side 
from the vicinity of the periphery of the plate frame. 

[0015] When the electrode paste is printed by pressing the squeegee to the 
screen-printing plate, the screen-printing plate tends to expand more in the 
peripheral region than in the central region. By setting the aperture ratio of the 



mesh holes higher in the printing patterns disposed in the vicmity of the periphery 
of the plate frame than in the printing patterns disposed at the inner side of the 
vicinity of the periphery of the plate frame, more conductive paste can be supplied 
through the printing patterns disposed m the vicinity of the periphery of the screen- 
printmg plate, thereby suppressing or avoiding variations in the coating thickness 
between the elecfrode patterns. 

[0016] According to another aspect of the present invention, a method for 
manufacturing a laminated-ceramic electronic device comprises the step of 
preparing a plurality of ceramic green sheets in which variations in the coating 
thickness between the printing patterns are reduced by using a screen-printing plate 
which includes a screen plate provided with a plurality of printing patterns 
disposed in a single plate frame of the screen plate, each printing pattern being 
formed with a plurality of mesh holes. At least two different aperture ratios of the 
mesh holes forming the printing patterns are provided according to the positions of 
regions in which the printing patterns are formed. The method also comprises the 
steps of laminating and contact-bonding the plurality of ceramic green sheets, each 
provided with a plurality of electrode patterns; cutting the laminated and contact- 
bonded layered product into independent elements; and firing the cut elements. 
[0017] A predetermined number of ceramic green sheets are laminated, are 
contact-bonded, are cut into independent elements, and are fired, the ceramic 
green sheets being provided with a plurality of electrode patterns formed by using 
the screen-printing plate according to the present invention, in which variations in 
the coating thickness between the electrode patterns are reduced, whereby a 
reliable laminated-ceramic electronic device, in particular, a laminated-ceramic 
capacitor can be efficiently manufactured, the laminated-ceramic capacitor having 
a reduced-size and large capacity in which the number of laminations can be 
increased and structural defects are not likely to occur. 
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[0018] According to a further aspect of the present invention, a laminated- 
ceramic electronic device is provided, which includes a structure in which internal 
electrodes are laminated on each other with a ceramic layer therebetween and is 
manufactured by a method comprising the step of preparing a plurality of ceramic 
green sheets, in which variations in the coating thickness between the printing 
patterns are reduced, by using a screen-printing plate which includes a screen plate 
provided with a plurality of printing patterns disposed in a single plate frame of the 
screen plate, each printing pattern being formed with a plurality of mesh holes. At 
least two different aperture ratios of the mesh holes forming the printing patterns 
are provided according to the positions of regions in which the printing patterns 
are formed. The method also comprises the steps of laminating and contact- 
bonding the plurality of ceramic green sheets, each provided with a plurality of 
electrode patterns; cutting the laminated and contact-bonded layered product into 
mdependent elements; and firing the cut elements. 

[0019] Since the laminated-ceramic device is manufactured by the method in 
which a predetermined number of the ceramic green sheets provided with a 
plurality of the electrode patterns, between which variations in the coating 
thickness are reduced, are laminated, are contact-bonded, are cut, and are fired 
under a predetermined condition, a high reliability can be ensured with defects of 
the internal structure being reduced even when the number of laminations 
increases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a plan view of a screen-printing plate according to an 
embodiment of the present invention; 

[0021] Figs. 2A and 2B are a sectional view and a bottom view, respectively, 
of a pattern structure of a printing pattern in a region in the vicinity of the 
periphery of the screen-printing plate shown in Fig. 1; 



[0022] Figs. 3 A and 3B are a sectional view and a bottom view, respectively, 
of the pattern structure of the printing pattern in a central region of the screen- 
printing plate shown in Fig. 1; 

[0023] Fig. 4 is an illustration of a state in which electrode patterns (printed 
patterns) are printed on a ceramic green sheet by using the screen-printing plate 
according to the embodiment of the present invention; 

[0024] Fig. 5 is an illustration of the ceramic green sheet printed with the 
electrode patterns (printed patterns) by using the screen-printing plate according to 
the embodiment of the present mvention; 

[0025] Fig. 6 is a sectional view of a laminated-ceramic capacitor manufactured 
in a process of laminating the ceramic green sheets provided with the electrode 
patterns by using the screen-printing plate according to the embodiment of the 
present invention; 

[0026] Fig. 7 is a cross-sectional view showing a process of a known screen- 
printing method; 

[0027] Fig. 8 is a longitodinal-sectional view showing the process of the known 
screen-printing method. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0028] An embodiment according to the present invention is shown below, 

whereby the characteristics of the present mvention will be described further in 

detail. 

[0029] The embodiment is described by using a screen-printing plate as an 
example which forms electrode patterns (printed patterns) as internal electrodes on 
ceramic green sheets which are used for manufacturing a laminated-ceramic 
capacitor. 

[0030] Fig. 1 is a plan view of a screen-printing plate according to the 
embodunent of the present invention. Fig. 2 A is a sectional view showing a 



pattern structure of a printing pattern 11 (11a) formed in a peripheral region Rl in 
the vicinity of the periphery (marginal edges) of a screen-printing plate A shown in 
Fig. 1. Fig. 2B is a bottom view of the pattern structare shown in Fig. 2A. Fig. 
3 A is a sectional view showing the pattern structure of a printing pattern 11 (lib) 
formed m a central region R2 of the screen-printing plate shown in Fig. 1 . Fig. 
3B is a bottom view of the pattern structure shown in Fig. 3 A. 
[0031] As shown in Figs. 4 and 5, the screen-printing plate A includes, for 
example, a stainless screen plate 12 including a plate frame 14 in which a plurality 
of printing patterns 11 are disposed, so that a plurality of electrode patterns 
(printed patterns) 22 can be printed on a ceramic green sheet 21 in a desired shape. 
The screen plate 12 is supported by a frame 15 at the periphery of the screen plate 
12. 

[0032] As shown in Figs. 1, 2, and 3, the printing patterns 1 1 of the screen 
plate 12 are formed with mesh holes 13 formed in a predetermined position of the 
screen plate 12. 

[0033] In the screen-printing plate A according to the present embodiment, the 
aperture ratio of the mesh holes 13 forming the printing patterns 11 (11a) 
positioned in the peripheral region Rl in the vicinity of the periphery (marginal 
edges) of the plate frame 14 is set higher than the aperture ratio of the mesh holes 
13 forming the printing patterns 11 (lib) positioned in the central region R2, as 
shown in Figs. 2 and 3. 

[0034] In particular, according to the present embodiment, one printing pattern 
11 (11a) in the peripheral region Rl is formed with nine mesh holes 13, and one 
printing pattern 11 (lib) in the central region R2 is formed with six mesh holes 
13, as shown in Figs. 2 and 3, whereby the aperture ratio of the mesh holes 13 
forming the printing patterns 11 (11a) in the peripheral region Rl becomes 30%, 
and the apertore ratio of the mesh holes 13 forming the printmg patterns 11 (lib) 
in the central region R2 becomes 20% . 



[0035] The screen-printing plate A provided with a plurality of the printing 
patterns 11 was disposed on the ceramic green sheet 21, electrode paste 23 was 
supplied onto the screen-printing plate A, and a squeegee 24 was moved in a 
predetermined direction, for example, in a direction of an arrow Y in Fig. 4 while 
being pressed onto the screen-printing plate A, whereby the electrode paste 23 
passed through the mesh holes 13 forming the printing patterns 11 of the screen- 
printing plate A, the electrode paste 23 was printed on the ceramic green sheet 21, 
and predetermined electrode patterns 22 were formed (see Fig. 5). The coating 
thickness of each electrode pattern (printed pattern) 22 was measured, and the 
degree of variations in the thickness was examined. 

[0036] For comparison, a screen-printing plate as a comparative example was 
prepared, which was provided with the same printing patterns as those in the 
central region R2 according to the present embodiment, that is, the printing 
patterns had the same aperture ratio of the mesh holes of 20% as each other in the 
peripheral region Rl and in the central region R2 of the comparative example. By 
using the comparative example of the screen-printing plate, a plurality of electrode 
patterns (printed patterns) were printed on a ceramic green sheet, the coating 
thickness of each electrode pattern (printed pattern) was measured, and the degree 
of variations in the thickness was examined. 
[0037] The result is shown in table 1 . 

Table 1 





Comparative 
example 


Example 
according to the 
embodiment of 
the invention 


Average coating thickness (mm) 


0.70 


0.70 


Greatest coating thickness (mm) 


0.95 


0.80 


Smallest coating thickness (mm) 


0.55 


0.65 


Variations (CV) (%) 


15.1 


7.5 
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Peripheral 
region 


Central 
region 


Peripheral 
region 


Central 
region 


Average coating 
thickness (mm) 


0.62 


0.81 


0.70 


0.72 


Greatest coating 
thickness (mm) 


0.71 


0.95 


0.78 


0.80 


Smallest coating 
thickness (mm) 


0.55 


0.62 


0.65 


0.69 


Aperture rate of 
screen (%) 


20 


20 


30 


20 



[0038] As shown in table 1, when the comparative example of the screen 
printing plate was used, the average coating thickness of the electrode patterns 
(printed patterns) was 0.70 mm, in which the greatest coating thickness was 0.95 
mm, the smallest coating thickness was 0.55 mm, and the variations (CV value) 
was 15.1%. 

[0039] When the screen printing plate A according to the embodiment of the 
present invention was used, the average coating thickness of the electrode patterns 
(printed patterns) was 0.70 mm, in which the greatest coating thickness was 0.80 
mm, the smallest coatuig thickness was 0.65 mm, and the variations (CV value) 
was 7.5 % . It is shown that the variations (CV value) in the coating thickness 
between each electrode pattern (printed pattern) were significantly reduced 
compared with the case in which the comparative example of the screen-printing 
plate was used. 

[0040] Concerning the coating thickness of the electrode patterns (printed 
patterns) in the peripheral region Rl and the central region R2 when usmg the 
comparative example of the screen-printing plate, in the peripheral region Rl, the 



average coating thickness of the electrode patterns (printed patterns) was 0.62 mm, 
the greatest coating thickness was 0.71 mm, and the smallest coating thickness was 
0.55 mm, and in the central region R2, the average coating thickness of the 
electrode patterns (printed patterns) was 0.81 mm, the greatest coating thickness 
was 0.95 ram, and the smallest coating thickness was 0.62 mm. The average 
coating thickness, the greatest coating thickness, and the smallest coating thickness 
of the electrode patterns (printed patterns) in the peripheral region Rl were 
respectively smaller than those of the electrode patterns (printed patterns) in the 
central region R2. 

[0041] Concerning the coating thickness of the electrode patterns (printed 
patterns) in the peripheral region Rl and the central region R2 when using the 
example of the screen-printing plate according to the embodiment of the present 
invention, in the peripheral region Rl, the average coating thickness of the 
electrode patterns (printed patterns) was 0.70 mm, the greatest coating thickness 
was 0.78 mm, and the smallest coating thickness was 0.65 mm, and in the central 
region R2, the average coating thickness of the electrode patterns (printed patterns) 
was 0.72 mm, the greatest coating thickness was 0.80 mm, and the smallest 
coating thickness was 0.69 mm. It is shown that the average coating thickness, the 
greatest coating thickness, and the smallest coating thickness of the electrode 
patterns (printed patterns) in the peripheral region Rl were respectively close to 
those of the electrode patterns (printed patterns) in the central region R2, and the 
variations were small. 
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[0042] By using the screen-printing plate according to the embodmient of the 
present invention, as described above, variations in the coating thickness betv^een a 
plurality of electrode patterns printed by using one screen-printing plate can be 
effectively reduced. 

[0043] A predetermined number of the ceramic green sheets provided with the 
electrode patterns of which the variations in the coating thickness are reduced, as 
described above, are laminated on each other, ceramic green sheets (sheets for 
outer layers) which are not provided with electrode patterns are laminated on the 
uppermost and lowermost ceramic green sheets provided with the electrode 
patterns, respectively, are contact-bonded to each other, and are cut into 
independent elements. The cut elements are individually provided with external 
electrodes formed in predetermined positions of the elements, whereby laminated- 
ceramic capacitors are obtainable, as shown in Fig. 6, each provided with a pair of 
external electrodes 34a and 34b, which are individually connected to internal 
electrodes 32, at ends of an element 33 in which a plurality of the internal 
electrodes 32 are laminated on each other with a ceramic layer 31 therebetween. 
[0044] The laminated ceramic capacitor is manufactured by laminating the 
ceramic green sheets provided with the electrode patterns of which variations in 
the coating thickness are reduced, thereby reducing defects of the internal 
structore, such as delamination, and realizing high reliability. 
[0045] Although in the above embodiment, the mesh holes 13 in each printing 
pattern 11 (11a) are disposed more in the peripheral region Rl than in the central 
region R2 so that the aperture ratio of the mesh holes 13 in the peripheral region 
Rl differs from that in the central region R2, the aperture ratio of the mesh holes 
13 forming the printing patterns 11 (11a) in the peripheral region Rl and the 
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aperture ratio of the mesh holes 13 forming the printing patterns 11 (lib) in the 
central region R2 may be set different from each other with the mesh holes 13 
having sizes differing from each other instead of changing the number of the mesh 
holes 13. 

[0046] The present invention is not limited to the above embodiment, and the 
embodiment may includes various applications and modifications within the spirit 
and scope of the present invention regarding the material of the screen plate, the 
particular shape and layout of the mesh holes, the relationship of positions between 
the regions in which the rates of aperture differ from each other, the number of 
regions in which the rates of aperture differ from each other, the type of substance 
to be printed, such as electrode paste or the like. 



